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ABSTRACT
This BRAE 462 senior project entails a mock feasibility and engineering report on
implementing solar power to Cal Poly’s poultry unit. The report is to see whether or not
solar power would excel and save electrical costs for one of Cal Poly’s agricultural
centers. The report must include research into what type of solar system to be installed,
economic costs, and engineering calculations to determine whether or not the system will
be feasible. The system must be realistic and able to be built onto the poultry unit with
accurate space requirements and up to building codes.
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DISCLAIMER STATEMENT
The university makes it clear that the information forwarding herewith is a project
resulting from a class assignment and has been graded and accepted only as a fulfillment
of a course requirement. Acceptance by the university does not imply technical accuracy
or reliability. Any use of the information in the report is made by the user(s) at his or her
own risk, which may include catastrophic failure of the device or infringement of patent
or copyright laws.
Therefore, the recipient and/or user of the information contained in this report agrees to
indemnify, defend and save harmless the state its offices, agents and employees from any
and all claims and losses accruing of resulting to any person, firm, or corporation who
may be injured or damaged as a result of the use of this report.
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INTRODUCTION
In agriculture, the use of renewable energies is an up-and-coming trend to save money on power.
One renewable energy source being put to good use is solar energy. As processing,
manufacturing, and distribution centers in agriculture tend to constantly have high energy costs,
by incorporating a solar energy system, reduced costs can provide a higher profit margin for such
companies. Potential benefits of solar energy can be illustrated by having a proposal written up
for Cal Poly’s Poultry Unit. This proposal will be designed and will show the total cost of the
system, cost of labor and the estimate payback. Component selection and building dimensions
will be conveyed to determine what type of solar system will be best for the buildings.
Engineering aspects of solar module placement and mounting will also be calculated. This
report will determine if implementing solar energy is economically feasible for Cal Poly’s
Poultry Unit.
Objective
The first phase of this senior project will be to research photovoltaic and thermal solar systems
used in buildings and determine which is most suited for Cal Poly. The second phase would be to
get in touch with a solar company to learn design specs and receive a guide to proper selection of
a solar system. The third phase would be to actually construct a working elaborate design that
would utilize solar energy on Cal Poly’s Poultry Unit. Next is to determine the poultry unit’s
energy unit to determine what size system to select. The space available for a system will
influence whether a low efficiency system can be implemented utilizing additional modules. This
will dictate whether the modules can be roof mounted or ground mounted.
The fourth phase would then be to do a cost analysis of the proposed solar center to see if using
solar power would be economically feasible for the company. This section focused on the cost of
installation of this solar system and the cost of all the solar components. If installation costs
declined, solar energy will be much more financially feasible. An engineering report is created
to determine how the system is mounted and how each building will be wired to the electrical
grid. Research of the required codes need to be met, and to determine if the system can receive
government incentives. Engineering calculations are done to determine the estimated amount of
sun the modules will receive and the most efficient angle to place them. The amount of daylight
hours was also being determined along with the best direction the modules will face.
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LITERATURE REVIEW
PhotoVoltaic
The first step to implementing solar technology in today’s world is to first understand how solar
works. The specific types of solar being considered on this project were either photovoltaic cells
(PV) or solar thermal. First step is to know how both of these types of solar processes work.
Photovoltaic cells are made of semiconductors (ex. Silicon) and when light hits the cell, a certain
amount of energy is absorbed within the material. This acquired energy loosens electrons
allowing them a free flow motion. The PV cells utilize this event and add in an electric field to
guide these free flowing electrons. By attaching contacts to a device from the PV cell, the
energy from a PV cell can help power it. This is a basic understanding of how a PV cell works.
Although it seemed like an efficient way to reach near free energy, it is quite the opposite
actually.

Figure 1. Photovoltaic Example.

Photovoltaic cells are not only expensive, but also not efficient compared to other power sources.
Most solar modules today can reach around 12-18% efficiency in direct sunlight. Although there
are more efficient solar modules around, the more efficiency the buyer wants, the more
expensive it is going to be initially. The goals of photovoltaic modules are to add net energy
savings over a period of time.

Roof Mount vs. Ground Mount
There are two specific ways photovoltaic solar modules can be mounted, through either roof or
ground mounting. Both are acceptable means of gaining solar power, but each come with their
own pros and cons. Generally, residential consumers prefer to select roof mounted systems as
there is not enough space for an efficient ground mount and the roof of the consumer’s house is
usually unused space. Ground mounted systems require additional space to be installed and can
have a greater initial cost due to additional mounting equipment needed. A ground mount must
sit on its own property while a roof mount can utilize unused roof space. One specific
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advantage ground mounting has is that it can be made to face perfect south and tilted at the
correct degree angle to receive maximum sunlight. With a rooftop system there is less control in
what position solar modules can be placed. There may also be foliage blocking the view of the
panels if not trimmed back accordingly. Cleaning the modules is also more difficult on a roof
mount system unless the area has frequent rain, if not, then dust accumulation will be present.
Lastly, a ground mount system will require a buried conduit which will have additional costs to
connect to the grid.
Thermal Solar
Although PV solar cells are the most commonly used form of solar power, there are other ways
to achieve energy through sunlight. One distinct form of solar energy is the use of solar thermal.
Thermal solar energy is generated by having mirrors concentrate sunlight toward electrical
production. The sunlight can then be harnessed for various purposes since it is collected as heat
energy. The heat energy can then be used for water heating, drive a heat cycle, or can be stored
for later use. There are also large-scale thermal scale plants located throughout the United States
and the world. One example is the Solar Energy Generating Systems (SEGS) in the Mojave
Desert. This is a combination of nine different thermal solar farms that provides a combined
total of 354 megawatts. Combined this is the largest thermal solar power installation in the
world to date.

Figure 2. Thermal Example 1

Figure 3. Thermal Example 2.
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Thermal solar is great and can possibly power buildings 24 hours a day through energy storage,
but which is better to use? They both produce at around the same efficiency, but purchasing
solar for a plant or distribution center has a lot more regulations and politics involved. One large
reason companies and residential properties prefer PV over Thermal is the financing. PV solar
instantly becomes more profitable with solar power purchase agreements (PPAs). Solar PPA’s
provide a low-upfront cost and also reduces energy cost. This is great not only for the customer,
but for the banks and financers as well. This allows them to take advantage of solar incentives
and charge the potential client a discounted rate for the power consumed. PV solar also has
better solar incentives than solar thermal. Online there is a list of all solar subsidies and there are
many more profit saving and earning PV incentives than thermal. This is due to the fact that
solar electric is seen as more clean than solar water heating by the government. This is possibly
due to a lack of awareness of benefits thermal solar can provide.
To look at a large-scale production of solar thermal, one example is the Rice Solar Energy
Project (RSEP) located in Riverside, California. This project when completed will be able to
produce up to 150MW of power. The facility will be using concentrated solar power (CSP)
technology where sunlight is focused from mirrors to a central receiver. Liquid salt is used
traveling through tubes from the central receiver and is heated from the mirrors. The heated salt
travels through to an insulated storage tank that can be used to generate electricity or stored. It
goes through a steam generator to produce electricity with a repeated cycle.

Figure 4. Rice Solar Energy Project.

Government Incentives
Government incentives are one of the biggest reasons solar power is available and less expensive
than it would normally be to companies and residential. Looking at the California’s Solar
Electric Incentive Programs, any potential customer can see what state incentives are available
and what to look for when transitioning to solar. The three specific expectations to be met for
the ratepayer-funded incentives are as follows: “High quality solar energy systems with
maximum system performance to promote the highest energy production per ratepayer dollar.
Optimal system performance during periods of peak demand. Appropriate energy efficiency
improvements in new and existing homes and commercial structures where solar energy systems
are installed.” This document is a guide for those looking to transition into solar.
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Earning solar incentives for either corporate or residential system can be done in five main steps.
The first step is to complete an energy efficiency audit. This is done by contacting PG&E or
SCE to perform an energy savings analyzer. Once it has been decided to go solar knowing the
estimated savings and incentive programs, the next step is to contact a qualified contractor. It is
recommended to interview three separate contractors as they will not only be installing the
modules, but will also apply to the California Solar Initiative (CSI) for rebates and incentives.
The installer then interconnects the solar system to the utilities company’s power grid. The
installers will work with the consumer to select the best PV or solar thermal system applying
electrical and building code standards to their work. Once a solar installer is selected, the next
step is to apply for the rebates. The installer will contact a California Solar Incentive program
administrator and arrange the system, place the customer in the database, and reserve funds
based on the project size.
California Solar Incentive payments are disbursed in two ways, Expected Performance Based
Buydown (EPBB) and Performance Based Incentive (PBI). EPBB is where the applicant
receives the entire incentive payment once the system is installed. The payment will be based on
the expected electrical output of the system. PBI on the other hand is handled by sending
monthly portions of the incentive payment for five years; the payment is based on the actual
metered output of the system. The fourth step is to actually install the system. Depending on
how large the system is, this process can vary from days for residential, to years for large scale
solar. It is important to follow building codes and must pass government, utility, and Solar
Initiative inspection before being hooked up to the grid. The last step towards using solar is to
claim the incentives placed. By filling out the Incentive Claim Form, supporting documentation,
and verification of cost, calculation, and expected payback, the program administrator will verify
if the consumer is connected to the grid before sending out incentive payments. Referring back
to the two different types of pay methods; EPBB and PBI, if the system is <50kW EPBB is the
preferred payment choice while systems >50kW should sign onto the PBI payment.
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A LIST OF PROJECT PARAMETERS

1. Select a solar company to work alongside and seek guidance.
2. Determine the type of solar system to incorporate into the report. Ex. Photovoltaic,
Thermal
3. Select a site and determine what area to install the system.
4. Find out the direction sunlight is best received and at what hours peak sunlight will hit
the modules.
5. Research solar building codes to make sure the modules can hook up properly.
6. Research building dimensions, roof top dimensions, and pitch to see how much area can
be used for solar.
7. Research different solar modules, combiners, inverters, and mounting systems to be use
on the buildings.
8. Select module, combiner, inverter, and mounting type and performance to be used for
calculating solar numbers.
9. Ensure mount type is useable to the building’s roof.
10. AutoCAD solar module layout on each roof.
11. AutoCAD the mount and where the modules will be attached.
12. Determine wire sizes needed to connect the modules, combiner, inverter, and to the
electrical grid
13. Find wire conduit outline and determine the proper conduit that can be used for the
system.
14. Determine if the complete system can be done and is economically feasible.
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PROCEDURE & METHODS

The first task of this project was to find an agricultural production facility to use for the mock
solar report. It was decided to try and keep the project within San Luis Obispo and possibly at
Cal Poly. While taking ASCI 225 (Intro to Poultry Management) with Professor Robert (Bob)
Spiller, the poultry unit was discussed as a possibility to do solar calculations on to see if it was
economically feasible to place a solar system there. Bob Spiller, who has worked in poultry
science at Cal Poly for over 20 years, gave the go ahead for our senior project. Soon after,
manual measuring of each poultry building and what electrical equipment reside inside was
done.
After taking physical dimensions of each building, it was proposed to seek out the Cal Poly
Utilities center to finalize the numbers and to get the exact building dimensions and energy
usage. Dennis K. Elliot was contacted at the Cal Poly Utilities center and was able to send over
the total power usage the poultry unit uses. With this data, it was possible to calculate a solar
system large enough to handle the wattage produced.
Poultry Unit Building Labels
Cal Poly Poultry Unit Buildings 150, Aerial view from Google Earth

Figure 5. Aerial Snapshot of Poultry Unit with Listed Lettered Buildings
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150 Main-chicken labs, incubation and egg processing takes place
150A-Caged laid research
150 B-Conventional chicken house
150 C-quail house
150 E-big lay house
150 F-high rise hen house
150 G-storage
150 H-broiler house
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Figure 6. Poultry Unit Floor Plans.

Once the proposed site was selected, it was decided to use a local solar company specifically
Pacific Energy Company located in San Luis Obispo. Pacific Energy was founded in 1980
becoming the first retailer in San Luis Obispo to provide alternative energy. Pacific Energy
Company specializes in American made products selling solar electronic equipment, wood
stoves, and fireplaces. John Ewan is an energy certified analyst and one of the founders and the
current president of the Pacific Energy Company. He had been very cooperative, giving advice
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about module placement and how to correctly go about selecting modules, inverters, and
combiners.
While meeting with John Ewan, he informed us that a photovoltaic roof mount solar system
would work best for our project. Thermal systems are generally more suited for larger more
expensive projects. With thermal technology out, the next step was to determine to use ground
or roof mount. The amount of space available for the ground mount was not plenty around the
poultry unit nor was the ground leveled. There was a lot of open space surrounding the poultry
unit, but was utilized for cattle by the dairy science department and would need their
cooperation. There were eight buildings in total at the poultry unit with open roof space. The
roof rack system looked good to use with only one major flaw, optimum sunlight is gathered
when the solar modules faced south. The buildings instead mostly faced west.
San Luis Obispo Sunlight
Where to place the solar modules and at what angle the modules face the sun at was supported by
our representative John Ewan and also using a solar calculator online. The online calculator
stated that the optimal sunlight the modules could receive would be at 11 degrees facing west.
As the majority of building roofs are positioned directly east-west it was advised that the best
position would be to put the modules solely on the west facing roofs. When looking at Figure 7,
there are a greater number of sunlight hours past noon as the sun begins to set west. This is by
about 1-2 extra hours of sunlight as the sun sets west. The east roofs still receive morning
sunlight, but those sunlight hours are not as much than when the sun is directly overhead and
then proceeds to set towards the west. For the angle of our modules, with a pitch of 3/12, they
would be placed at a 14 degree angle. Although it is not exactly 11 degrees, the difference is
close enough that the panels should still receive a large amount of sunlight. In Figure 8, the
elevation level which is listed in degrees below north, state that as long as the system elevation is
below 30 degrees, a substantial amount of sunlight can be gained. There is one roof, building H
(Figure 5) that faces south-west and will receive the most amount of sunlight throughout the day
compared to the rest of the buildings. Due to the direction and size of the building (42’x148’), it
will contain the greatest number of solar modules.
The diagram displayed below tells the number of daylight hours in San Luis Obispo. The X-axis
displays the months in roman numbers starting with January or I. The Y-axis displays the
number of hours in a day starting with 1am as 1. The sunlight hour jump in between month IIIIV and month X-XI suggest the adjustment for daylight savings.
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Figure 7. Number of daylight hours in San Luis Obispo.

The next figure listed below displays the amount of sunlight received at direction and elevation.
The degrees that are listed going downward from north are the elevation levels. The outlying
numbers posted on the outside of the sphere are the azimuth levels. Each colored dot represents
a different time of the day and what direction the sun is facing.

Figure 8. Sun Path Diagram.
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Total Energy Usage/Cost
Before the solar module, combiner, inverter, and mounting system can be selected, it was
important to know the energy usage of the poultry unit. This energy number was found by
contacting Cal Poly Utilities Department and more specifically, Dennis K Elliot. Dennis
provided the energy costs of the poultry unit per month for a fiscal year. The solar feasibility
project was to attempt to try and match the energy output produced by the building while using
adequate roof space provided. The system would run constantly throughout the year to offset
100% of the energy produced by the poultry unit. The two tables posted below show the
monthly energy costs of the poultry unit. Table 2 specifically has the total kWh added up for the
poultry unit.
Table 1. Monthly Energy Costs.

Table 2. Total kWh Usage and Average Energy Cost per Month.

Components
Knowing the total amount of energy used by the poultry unit, the correct components can be
selected for the system. The first step was to select what type of photovoltaic solar module to
use. It was decided upon the Sunmodule SW 275 Mono/Version 2.5 Frame. This module was
chosen as it is the most current and most efficient module produced by SolarWorld. SolarWorld
is one of the main module distributers to Pacific Energy Company and was recommended by
John Ewan. The modules can produce a large amount of energy (275 watts each) which should
provide plenty of energy to place back into the grid. The figures and table on the next page
display the module itself, specifications, module dimensions, and the energy performance. The
dimensions and weight were used to determine if the roof can support the weight of the solar
modules and how the modules would be laid out. Knowing the amount of amps and volts the
system could produce and handle were also factored in what type of combiner and inverter
would be selected for the system.

13

Figure 9. Sunmodule Module Front.
Table 3. Module Specifications.
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Figure 10. Module Dimensions.
Table 4. Electrical Performance of Module.

The next components selected were the inverter and the combiner which gathered energy from
the modules to transfer to the grid. John Ewan advised using Solectria Renewables components
since Pacific Energy does, is American made, and known to be reliable. For the combiner, the
one that suited the module selected was the Discom 4 from Solectria Renewables, specifically
the 8 fused output model. Each fuse on the combiner can hold up to 13 modules in series and the
8 fuses allow for more than enough modules on the separate buildings. This model was selected
as it could handle the energy output from the modules on each of the buildings. There was a
separate combiner placed for each building. The broiler house however, contained a 12 fuse
model as the structure contained more roof space to allow for additional modules. These
modules faced southwest thereby gathering more sunlight for energy.
The combined system will have an output of around 130KW. This is a large amount of energy
and the largest inverter Solectria Renewables offered was up to 100KW. A decision was made
to split the power from the combiners to go into two separate inverters. The inverter selected
was the Solectria Renewables Commercial Grid Ties PVI 75KW-480VAC. With both inverters
able to handle 75KW, they could easily maintain the power being transferred through to the Cal
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Poly electrical grid. The inverters were placed on building C and F (Figure 5). The figures
below are a picture of the Solectria Renewables inverter along with the Discom 4 combiner.

Figure 11. Solectria Inverter.
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Figure 12. Discom 4 Combiner.

Building Dimensions
With the module type selected along with the inverter and combiner, the next step was to
determine the amount of building space required to place the modules on. Reading the overhead
plans on Figure 6 along with taking physical measurements, the building dimensions along with
the roof pitch were found. Below is a table showing the various building lengths, widths, roof
type, and roof dimensions.
Table 5. List of Building Dimensions.

The building’s width and length were measured and the pitch was detailed in the building plans.
The next step was to determine the height of the roof to find the angle of the roof. This
calculation was used to determine what angle the modules would be placed and if it was
receiving the maximum amount of sunlight in that direction. Each building had a pitch of 3/12
except building F whose pitch was 6/12. All of the pitch drawings are shown in the figures
below.
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Figure 13. Height and Roof Angle of Building A & B.
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Figure 14. Height and Roof Angle of Building C & E.
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Figure 15. Height and Roof Angle of Building F & G.

Figure 16. Height and Roof Angle of Building H.

The next step was to see if the roof and trusses could handle the weight of the solar modules that
will be placed upon the roof of each building. In the Cal Poly building plans, each roof was able
to handle a live load of 20 lbs PSF (pounds per square foot) stated in the Figure 20.
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Figure 17. Trusses Liveload Capacity.

Knowing the width and length of the building along with what modules, combiner, and inverter
used; the amount of modules for each building could be calculated. This calculation must also
follow the Cal Fire guidelines for correct panel placement. My partner Dan made the
calculations for the amount of modules placed from building to building in accordance to
inverter and combiner specification. These calculations can be found in Appendix C under
Component Calculations.
Building A: 39 Solar Modules

Building F: 65 Solar Modules

Building B: 78 Solar Modules

Building G: 39 Solar Modules

Building C: 65 Solar Modules

Building H: 117 Solar Modules

Building E: 65 Solar Modules
The AutoCAD drawings below show the placement of the solar modules for each building
following within the Cal-Fire Solar Installation Guidelines. The complete guidelines can be
found in Appendix B.
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Solar Module Layout

Figure 18. Module Placement on Building A.
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Figure 19. Module Placement on Building B.

Figure 20. Module Placement on Building C.
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Figure 21. Module Placement on Building E.

Figure 22. Module Placement on Building F.
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Figure 23. Module Placement on Building G.

Figure 24. Module Placement on Building H.
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Mounting
The rooftops for the entire poultry unit’s buildings are uniform and made of corrugated steel. On
top of the trusses they are able to maintain a large live load as shown in Figure 20. Each roof has
a gable style roof with an exception of building F, which houses a semi-monitor. According to
Cal-Fire guidelines to installing solar modules, the modules must be placed at least 3ft to allow
fire access. The figures below show the Cal-Fire guidelines along with the dimensions of the
steel. The corrugated steel had to be factored in when designing the mounting system for the
building.

Figure 25. Cal-Fire Module Placement Example.
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Figure 26. Corrugated Metal Dimensions.

Figure 27. Corrugated Metal Dimensions (2).

The mounting systems to be used for this report will be provided by Unirac. Unirac is a
company that specializes in different mounting systems for residential, commercial, and other
buildings of interest. Treating the poultry unit as a commercial building, Unirac offered different
brands to provide a variety of mounts for the building. The mounting system selected was with
SolarMount. SolarMount specializes in using a roof mounted rail system that allows a selection
and variability of different types of standoffs and mounts. With corrugated steel as the acting
rooftop, flashing could be utilized, but a section of the roof will have to be cut. On Figure 28
below, they cut the corrugated steel to place the flashing that will house the standoffs. Since the
roof slopes downward, the flashing was slid under the steel on the most upward portion and
bolted to the roof. The bottom portion of the flashing was bolted on covering over the roof to

29
prevent water leakage from rain. The opened portions of the steel were also covered with plastic
clamps to prevent the outside elements from coming in.

Figure 28. Example of Flashing on a Corrugated Metal Roof.

The rafters on the roof do not have to be taken into account for bolting the flashing and standoffs
on these buildings. The roofs also have no serious piping or electrical wiring that could hinder
the location of placing the modules. The rooftops for each building also all have a live load
capacity of 20 PSF (pounds per square foot) for each truss which was enough to handle the
weight of the modules. Each module had a live load weight of around 2.6 PSF (Weight of
Module / (Length of Module x Width of Module)). The standoffs and flashing for the system
was spaced 8ft apart to ease the amount of tension placed on the roof and to cut costs for
additional parts.
Mounting Installation
By knowing how the modules were laid out on each building, the next step was to determine the
mounting system to attach the modules to the roof. Using SolarMount as the company of choice,
their website provided what materials and spacing the mounting system should have. Figure 29
and 30 display a list of materials and descriptions to attach the mounting system to the roof.
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Figure 29. Detailed Parts Description (1).

Figure 30. Detailed Parts Description (2).

These materials will be used to create the mounting system so that the railing which holds the
panels could be secured in place. Each standoff and flashing will be distanced 8ft apart and the
rail slides into the module at 11.33” from the top and bottom ends of the module. The flashings
on the roof are dimensionally 12.75” x 8.75”. The diagram below shows an example of how the
mounts and flashing will be installed on the roof.
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Figure 31. Flashing and Railing Layout.

Wiring
As each module provides an electrical output to each buildings combiner, the combiners need to
transfer the energy to one of two inverters selected. One of the inverters is located in front of
building C and the other is located in front of building F (Figure 5). The inverter on building C
handles the energy output provided from building A, B, C, and E while the inverter on building F
gathered the energy output from F, G, and H. To transfer the power from these buildings to the
inverter and from the inverters to the central grid, outdoor wiring was required. The selection
choice for outdoor wiring was either aerial or buried. Since the poultry unit had a lot of open
undeveloped land around each building, not only was a buried conduit more viable, it was more
aesthetically pleasing than having electrical wiring suspended from building to building. There
were three different types of wire recommended for the solar project. The first was the size wire
from the modules to the combiners. The wire size selected was 8AWG (American Wire Gauge)
copper wire, referenced by Luke Godburn of CED electric. For the conduit to connect the
combiners to the inverter, a larger wire needed to be used to handle the AC power flowing into
the inverter. Table 6 and 7 below showed what type of wire recommended for the input and
output wire was needed.
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Table 6. Discom 4 Combiner Wire Input and Output.

Table 6 explained that for the input wire, a range of 14-6 AWG wire is needed while the output
for the 8 fuse and 12 fuses selected required 6 AWG. The next wire to select was the one that
traveled from the inverter to the electrical grid. The inverter offers information displayed on the
Table 7.
Table 7. Inverter Conduit Specification.
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This wiring would have to be able to handle the highest voltage produced by the inverter which
was 480 volts. On Table 7, the inverter used is a 75 kW system and when paired with 480 volts,
90 Amps would be in continuous output. According to the wire gauge selection table posted
below, a 2 AWG wire worked perfectly.
Table 8. Ampacity to Wire Gauge.

To protect the 6AWG that runs from the combiner to the inverter, Schedule 40 3/4in PVC
conduit will be used to encase it. Under burial conduit guidelines, to have schedule 40 PVC
pipe, a trench for the wiring must be dug 18 inches deep into the ground. Before digging can be
begin, an underground utilities company must be called to have a professional come out and give
an inspection before the trenching for the conduit can begin. Figure 32 and 33 show an example
of wire encased in the conduit and the amount of depth needed to be dug to place the conduit.
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Figure 32. Example of Wiring Protected by Schedule 40 PVC Conduits.

Figure 33. Minimum Depth to Lay a Buried Conduit.

Wire Amount and Conduit
When determining how much wire was needed in total, different components (modules,
combiner, and inverter) require different wire sizes. Every 13 modules connected to one fuse on
the combiner. They required their own wiring separate from other modules, specifically 8AWG.
This was the recommended wire size (Table 3) as the max voltage the modules could handle was
600V which is also the max voltage 8AWG could handle. For each building, the wiring from
every 13 modules to the combiner added up to 3,040ft total. This calculation can be found in
Appendix D under 8AWG Wire Calculations. Once they are wired to the combiners, a larger
6AWG wire is then used to connect to both inverters. The combiners on buildings A, B, C, and
E connected to the inverter located in front of building C; while the combiners on buildings F, G,
and H connected to the inverter located in front of building F. In total, 956ft of 6AWG wiring
will be needed to connect each combiner to their respected inverter. This footage was calculated
by using Figure 5 and 39 to know the distance, and then doubled the amount of wiring for the
input and output. Lastly, the wiring from the inverters to the electrical grid will use 2AWG. The
measure for both inverters to the grid came out to about 502ft. This calculation was also
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determined by using Figure 5 and 39 to know the distance, and then doubled the amount of wire
for input and output. The costs for the 8AWG, 6AWG, and 2AWG can be found in Figure 34,
35, and 36 below.

Figure 34. 8AWG Wire Costs.

Figure 35. 6AWG Wire Costs.

36

Figure 36. 2AWG Wire Costs.

To protect the wiring, buried conduit was used to encase it. The conduit was required for both
the 6AWG conduit leading from the combiners to the inverters, and the 2AWG conduit that lead
from the inverters to the electrical grid. There are two wires, an input and output wire used when
determining the size of PVC conduit needed. 6AWG has a diameter of .16202 inches and when
doubled was .32404 inches. There was a standard electrical table that determines how many
wires of different sizes can fit into different size of conduits. Display on Table 9 below is the
table for Sch. 40 conduit which we used.
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Table 9. Conduit Selection Table.

Based on Table 9, by knowing the wire size and how many wires were going into the conduit,
the correct Sch. 40 PVC conduit size could be selected. A Sch. 40 3/4” conduit PVC piping was
selected to encase the 6AWG as two wires would be inside it. 478ft of the conduit was bought.
Figure 39 showed the distance of conduit needed. To allow the conduit to come out of the
ground, sweeps were needed to allow this maneuver. A total of 20 sweeps were needed to allow
the wire to become buried, turn in the correct direction, and reemerge to the inverter. Conduit
clamps were also purchased to attach to the inverter so that the wires would not be loose. For the
2AWG wire with a diameter of .25763 inches, a larger diameter of conduit was needed. 1”
diameter Sch. 40 conduit PVC piping was enough to handle the diameter of two 2AWG wires
based off Table 9. 251ft of the 1” conduit was bought for the 2AWG. This conduit also required
sweeps and clamps to run the buried wire from the inverter to the electrical grid safely and
securely. 6 sweeps total were bought for the 1” conduit. Figure 37 and 38 show the total price
of the PVC conduit, sweeps, and clamps needed to protect and secure the buried conduit.
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Figure 37. Total Pricing of PVC Conduit, Sweeps, and Clamps.

Figure 38. Total Pricing of PVC Conduit, Sweeps, and Clamps (2).
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Buried Conduit Layout
The wiring for solar on the poultry unit was done using a buried conduit. The distance of wiring
needed was measured by looking at the poultry unit building plans along with the building
lengths. First, the distance of 6AWG from the combiners to the inverters needed to be
determined. With buildings A, B, C, and E wired to an inverter placed in front of building C,
had a total distance of 265ft of electrical conduit was needed. This number was composed by
looking at the distances between the buildings shown on Figure 5 and using sweeps to form a 90degree angle to travel down to the inverter. Buildings F, G, and H were wired to the inverter at
building F had a total distance of 209 feet of electrical conduit needed. The 2AWG wire that
travels from the inverters to the electrical grid had a total distance of 251ft. The same amount of
PVC conduit piping will be needed as well to protect the wiring underground. Figure 39 below
shows the conduit layout from the buildings, to the inverter, to the electrical grid. The distances
of the wire to the buildings are displayed to a 1:1 ratio. The blue lines show the distances of
6AWG conduit needed and the magenta shows the 2AWG conduit needed.

Figure 39. Buried Conduit Diagram.
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RESULTS
With proper mounting setup and accurate conduit measurements, it was safe to assume the
system worked appropriately. To really determine the accuracy and potential of the system and
if it was feasible, Dan Leitcher’s report did a mock calculation of all the associated costs of the
system, labor, maintenance, and materials. Table 10 below displays all the associated costs that
Dan calculated for the solar system. The electrical costs include the wire purchased while the
piping is for the PVC conduit specifically. The most expensive component to the project would
be the labor costs to install the modules, combiners, inverters, roof mounts, and buried conduit.
Table 10. Total Cost of the System

By knowing the poultry units total energy usage and total cost (Table 2), It was compared to the
size of the system selected. With all the modules present, the size of the system was registered at
110.394 kW. This is the total energy produced with the modules laid out facing west at a 14
degree angle. The result was presented on Table 11 below.
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Table 11. Size of the Solar System.

Figure 40 below, the mock electrical production for the 468 modules along with module
direction, location, and degree tilted was calculated. By knowing the total size of the system, the
energy production to the grid was calculated. The total number of energy produced in the mock
system was 172,448 kWh/year. According to Table 2, the total amount of kilowatts produced in
the poultry unit was 290,534.4 kWh/year. By dividing 172,448 kWh/year by 290,534.4
kWh/year, the solar system only offset 59.4% of the total energy consumed by the building. By
offsetting 59.4% of the total energy consumed, the estimated payback of the system would take
13.1 years.

Figure 40. Mock Solar Module’s Total kWh/year.
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DISCUSSION

A difficult parameter of the project was having the roof rack system correctly installed. The
building plans were required to determine whether or not the roof itself could handle the weight
of the modules. It was important to know if the roof rack had to be mounted by the steel trusses.
Since the trusses run by the length of the building, it may possibly change the direction the
modules were laid out thereby allowing fewer modules to be installed per roof. Another area of
difficulty was the roof type for each building. Having a corrugated steel roof, flashing was not
always recommended to use. Unfortunately the flashing had to be used as the standoffs installed
were larger than the width of each raised section of the corrugated roof. The measuring of the
roof size along with the width of each raised section of the corrugated roof almost made the
standoffs unable to be installed properly. However, it was possible to cut the roof and bolt the
flashing and a correct manner to prevent rain and the outside elements from seeping through.
The accuracy of the total energy output may not be completely equal to the results obtained.
This is due to the weather not following the same pattern every year. On average the daylight
hours should stay relatively to Figure 7, but overcast or a stormy season may affect energy
collection. The energy depreciation of the separate modules may also drop the amount of energy
collected per year.
One major change on the project was to reduce the amount of modules used for the solar system.
Originally it was planned to have solar modules placed facing east as well as the modules that
face west. This idea was scrapped after meeting with John Ewan of Pacific energy and explained
it would not be very cost effective. The modules would receive only morning sunlight thereby
wasting solar gathering potential for of the day. The cost for the extra modules will be very high
compared to the energy it would produce to the total system.
After a full evaluation of the mock system design and cost analysis, it was decided that the
system was not economically feasible for the university. The total cost of the system was rather
high at $465,455.88 and with a lack of government incentives, the funds would have to come
directly from the university. The amount of energy produced only offset the total energy
consumed by the poultry unit by 59.4%. The system was expected to fully offset the energy
consumed by 100%, but was unable to manage over 60%. With a lack of incentives for a system
that cannot offset more than 60%, it will take a longer time to payback the system. The complete
payback of the system was rounded to 13 years. When talking to the president of GreenWire
technologies, it was recommended that most businesses will not implement solar if payback was
under 5 years. 13 years is considered unacceptable as the average payback was more than three
times this amount. Another side factor is that the poultry management professor, Bob Spiller,
explained that even though the poultry unit has energy paid for them by the university, the
poultry unit itself was losing money annually, thus giving no desire to install the system in the
first place.
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RECOMMENDATIONS
With the solar system and mounting system completed, there are many different
recommendations that could be used to change the system. One change was to select a different
type of module for the system. The SunModule 275 watt was the highest voltage module
produced by SolarWorld. This module was selected based off its very high efficiency and
capacity to handle higher voltages. If a different company was used, perhaps a module with an
even higher efficiency could be selected. With more efficient modules being added to the roof,
the estimated payback period may be shortened, requiring less time for the system to make back
its initial cost.
If the project was to continue, the next best option would be looking to place more solar modules
to try and match the energy used. The main poultry office and classroom is the only major
building not utilizing solar modules. Modules could be placed facing south-west along with a
few modules facing south. This was a good choice as the modules which face south direction
gain the most amount of energy. The only major restriction is that the facility is fully utilized
with electrical and plumbing so the standoffs and flashing may not be able to be properly drilled
into the roof. A professional look into the building plans would be required.
One large improvement would be to possibly scrap the whole roof mounting and go with a
ground mount. With a ground mount, the solar modules can be set up and angled to capture the
optimal amount of sunlight. In San Luis Obispo county, the perfect direction and tilt would face
south at 19 degrees. By doing this, the modules will work at its maximum efficiency for the area
and offset more energy. This would not only lower costs, but also lower the payback period.
Although it was determined that the project was not economically feasible, if it were to go ahead,
the next step would be to get in contact with Pacific Energy and obtain a more realistic price
quote. Go over the system with them and see if they have better money saving recommendations
for the project. A utilities expert would also need to be called in to make sure the buried conduit
can be laid in the diagram (Figure 39). A labor contractor would be needed if the project was to
go ahead.
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California Polytechnic State University
BioResource and Agricultural Engineering Department
BRAE Senior Project Contract

February 20, 2012
Leitcher, Dan; Flavell, Tyler
(0123456789

ASM

Project Title: Design, layout, and conduct a cost analysis for a large-scale agricultural
enterprise involving solar power.

Background Information: In agriculture, the use of renewable energies is an up-and-coming
trend to save money on power. One renewable energy source being put to good use is solar
energy. As processing, manufacturing, and distribution centers in agriculture tend to constantly
have high energy costs, by incorporating a solar energy system, reduced costs can provide a
higher profit margin for such companies. Potential benefits of solar energy can be illustrated by
having a proposal written up for Cal Poly’s Poultry Unit. This proposal will be designed and will
show the total cost of the system, cost of labor and the estimate payback. Component selection
and building dimensions will be conveyed to determine what type of solar system will be best for
the buildings. Engineering aspects of solar module placement and mounting will also be
calculated. This report will determine if implementing solar energy is economically feasible for
Cal Poly’s Poultry Unit.

Statement of Work: The first phase of this senior project will be to research photovoltaic and
thermal solar systems used in buildings and determine which is most suited for Cal Poly. The
second phase would be to get in touch with a solar company to learn design specs and receive a
guide to proper selection of a solar system. The third phase would be to actually construct a
working elaborate design that would utilize solar energy on Cal Poly’s Poultry Unit. Next is to
determine the poultry unit’s energy unit to determine what size system to select. The space
available for a system will influence whether a low efficiency system can be implemented
utilizing additional modules. This will dictate whether the modules can be roof mounted or
ground mounted.
The fourth phase would then be to do a cost analysis of the proposed solar center to see if using
solar power would be economically feasible for the company. This section focused on the cost of
installation of this solar system and the cost of all the solar components. If installation costs
declined, solar energy will be much more financially feasible. An engineering report is created
to determine how the system is mounted and how each building will be wired to the electrical
grid. Research of the required codes need to be met, and to determine if the system can receive
government incentives. Engineering calculations are done to determine the estimated amount of
sun the modules will receive and the most efficient angle to place them. The amount of daylight
hours was also being determined along with the best direction the modules will face.
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How Project Meets Requirements for the BRAE Major
Major Design Experience - The project must incorporate a major design experience. Design is the
process of devising a system, component, or process to meet specific needs. The design process
typically includes the following fundamental elements. Explain how this project will address these issues.
(Insert N/A for any item not applicable to this project.)
Establishment of
objectives and criteria

– The ASM senior project must include a problem solving experience
that incorporates the application of technology and the organizational
skills of business and management, the quantitative, analytical
problem solving.

Synthesis and analysis

The project will involve the application of renewable energy, the use
of solar power in agricultural businesses and buildings.

Construction, testing and
evaluation

The project will involve skills in the areas of communicating between
different businesses, cost analysis of solar power, what type of solar
system to use.

Incorporation of applicable
engineering standards

Quantitative problem solving will include the cost analysis of the
project and energy calculations.

Capstone Design Experience - The engineering design project must be based on the knowledge
and skills acquired in earlier coursework (Major, Support and/or GE courses).
Incorporates
knowledge/skills from
earlier coursework

BRAE
151 AutoCAD, 324 Principles of Agricultural Electrification, 348
Energy for a Sustainable Society, 425 Computer Controls for
Agriculture, 432 Ag Buildings
AGB
202 Sales skills, 212 Ag Economics, 301 Food and Fiber Marketing,
310 Ag Credit and Finance,

Design Parameters and Constraints - The project should address a significant number of the
categories of constraints listed below. (Insert N/A for any area not applicable to this project.)
Physical

Contact a solar company who we will work with. We will be working
with Pacific Energy who is based in San Luis Obispo California.
Have Pacific Energy help us with additional references that might
help us understand the concepts and industry better. In BRAE 462
Contact an agricultural company to design a solar for. The agriculture
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company that we are planning to work with is the Cal Poly Poultry
Unit.

Economic

Do a feasibility report calculating the costs of the system, cost of
labor, estimated payback.

Environmental

N/A

Sustainability

Design a solar system that that big enough to efficiently power the
agriculture facility. Design a system that is neat and ordinary that fits
the allowable area.

Manufacturability

Hopefully the company will consider implementing our system.
Decide whether to use a roof or a grounded mounted system. For a
ground mounted system compare the cost of solar per acre with the
costs of producing field crops per ache.

Health and Safety

N/A

Ethical

N/A

Social

N/A

Political

Find out the amount of electricity that is needed to power that
particular agriculture facility.

Aesthetic

N/A

Other
Other
Other

List of Tasks and Time Estimate
TASK
Research in library (photovoltaic VS Thermal)
Their components
Different type of systems
Government Incentives

Hours
40
20
10
10
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Talking to Pacific Energy
Visiting the Poultry Unit
Design
Modification to design
Calculations
Final evaluation
Preparation of written report
TOTAL

5
20
15
20
10
10
45_
205

Financial Responsibility
Preliminary estimate of project costs:

$ 1000

Finances approved by (signature of Project Sponsor):

John Ewan

Final Report Due:
Approval Signatures
Student:
Project Supervisor:
Department Head:

December 15, 2012

Number of Copies:

2

Date
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CAL-FIRE GUIDELINES
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Cal-Fire Guidelines
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APPENDIX C
DESIGN CALCULATIONS
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Amount of Solar Modules needed
39.41in=5.495ft x 3.284ft
Module dimensions- 65.94in x 39.41

150-A
A roof top dimensions 14.9ft x 82 ft. minus 3ft (California building code)
Vertically 11.36ft5.495ft=2.71 modules=modules
Horizontally 76ft3.284ft=23.14 modules=23 modules
Total 2 moduless x 23 modules=46modules
13 modules set of 3 = 39 modules

150-B
B roof top dimensions 22.1ft x 93ft minus 3ft (California Building Code)
Vertically 18.33ft5.495ft=
modules

modules=

Horizontal 87ft3.284=26.49 modules=26modules
Total 3 moduless x 26 modules=78 modul s
13 modules set of 6 = 78 modules

C roof top dimensions 14.9ft x 125ft minus 3ft (California Building Code)
150-C
Vertically 11.36ft5.495=2.71 modules=2 modules
Horizontal 119ft3.284ft=36.24 modules=36 mod les
Total 36modules x 2 modules=72 modules
13 modules=
= set of 5= 65 modules

E roof top dimensions 14.9ft x 130ft minus 3ft (California Building Code)
150-E
Vertically 11.36ft5.495ft=2.71 modules=2 modules
Horizontal 124ft3.284ft=37.76modules=37modules
Total 2 moduless x 37 modules=74 modules

3
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13 modules= set off 5= 65 modules

150-F
F roof top dimensions 16.0ft x 130ft minus 3ft (California Building Code)
Vertically 12.35ft5.495ft=2.71 modules=2 modules
Horizontal 124ft3.284ft=37.76 modules=37modules
Total 2 moduless x 37 modules=74 modules
13 modules= set of 5= 65 modules

150-G
G roof top dimensions 18ft x 83ft minus 3ft. (California Building Code)
Vertically 14.35ft5.495ft=3.28=2.61
=2.61 modules
Horizontal 77ft3.284ft=23.48 modules=23 modules
Total 2 modules x 23 modules=46 module
13 modules = set of 3= 39 modules
150-H
H roof top dimensions 23.1ft x 149 minus 3ft. (California Building Code)
Vertically 19.33ft5.495ft=4.20=4
=4 modules too close to overhang downsize down to 3 modules
Horizontal 143ft3.284ft=43.54 modules=43 modules
Total 3 modules x 4 modules=1

modules

13 modules= set of 9 = 117 modules

Total possible moduless for Building 150 A,B,C and E
Total 39 modules+78 mo ules+65 modules+65 modules+65modules+39 modules+130
modules=481 modules

Components Calculations
Inverter Calculations
When using the Soletria Renewables PVI 75KW
75KW-480 volt Inverter

73

Inverter 1 75 Kw

Building 150 (A) 9.2 Kw
Building 150 (B) 18.4Kw
Building 150 (C) 15.3Kw
Building 150 (E) 15.3 Kw

Total 9.2Kw+18.4Kw+15.3Kw+15.3Kw=58.2 Kw

Inverter 2 75 Kw
Building 150 (F) 14.9Kw
Building 150 (G) 9.2 Kw
Building 150 (H) 30.6 Kw

Total 14.9Kw+9.2Kw+30.6Kw=54.7 Kw

Combiner CalculationsBuilding 150 A
Number of Series needed 46 modules 13 modules=3.5=3 series parallel (3 fuses)

Building 150 B
Number of Series needed 78 modules 13 modules=6 series parallel (5 fuses)

Building 150 C
Number of Series 72 modules 13 modules=5.5=5 series parallel (5 fuses)
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Building 150 D
Number of Series 74 modules 13 modules=5.7=5 series parallel (5 fuses)

Building 150 E
Number of Series needed 74 modules 13 modules=5.7=5 series parallel (5 fuses)

Building 150 F
Number of Series 46 modules 13 modules=3.5=3 series parallel (3 fuses)

Building 150 G
Number of Series 138 modules 13 modules=10.6=10 series parallel (10 fuses)

Rack and Mounting Calcs
Using an online calculator for the mounting system, Unirac offers a service that will price the
parts according to the system created. Each building had a different amount of components
needed due to the difference in solar modules. Each component description can be viewed on
Figure 38 of the report. The calculated costs for each building’s racking system is posted on
Table
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Table 12. Mounting Costs for Building A

Table 13. Mounting Costs for Building B
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Table 14. Mounting Costs for Building C
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Table 15. Mounting Costs for Building E

Table 16. Mounting Costs for Building F
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Table 17. Mounting Costs for Building G

Table 18. Mounting Costs for Building H
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With this data, an estimated total of the roof rack and mounting system will cost around
$44,114.28. However, there are some discrepancies as the online design does not allow rows
greater than 20 modules, so an additional row with the rest of the modules that would be placed
on the same row was made. Buying in bulk is also another factor as the price would most likely
be reduced to a certain extent due to the large amount of equipment being bought. Lastly, there
was another fee added to shipping the racking and mounting equipment, but were unable to get a
clear estimate.
8AWG Wire Calculations
With the combiners attached to the front end (west) of each building the 8AWG wiring from the
modules needed to connect to each of the fuses on the combiner. Each fuse can hold up to 13
modules wired in series. The amount of wire needed was determined by using the distance of
every 13 modules. The way the modules were wired was by attaching the wires from top row to
bottom row counting left to right. Posted below are the calculations for each building and a
displayed colored diagram of how each 13 modules were wired together. The modules stretch
across their width which was 3.29ft. Once together in series they would link 3ft across to the
combiner.

Figure 41. Module Hook Up for Building A

Building A Combiner Hook Up:
Link to fuse 1: 3ft + 1ft = 4ft
Link to fuse 2: 6 modules across x 3.29ft each + 3ft = 22.74ft
Link to fuse 3: 14 modules across x 3.29ft each + 3ft = 49.06ft
Total wire needed for building A: 75.80ft x 2 = 151.60ft
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Figure 42. Module Hook Up for Building B

Building B Combiner Hook Up:
Link to fuse 1: 3ft + 1ft = 4ft
Link to fuse 2: 4 modules across x 3.29ft each + 3ft = 16.16ft
Link to fuse 3: 8 modules across x 3.29ft each + 3ft = 29.32ft
Link to fuse 4: 14 modules across x 3.29ft each + 3ft = 49.06ft
Link to fuse 5: 18 modules across x 3.29ft each + 3ft = 62.22ft
Link to fuse 6: 22 modules across x 3.29ft each + 3ft = 75.38ft
Total wire needed for building B: 236.14ft
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Figure 43. Module Hook Up for Building C

Building C Combiner Hook Up:
Link to fuse 1: 3ft + 1ft = 4ft
Link to fuse 2: 6 modules across x 3.29ft each + 3ft = 22.74ft
Link to fuse 3: 14 modules across x 3.29ft each + 3ft = 49.06ft
Link to fuse 4: 20 modules across x 3.29ft each + 3ft = 68.8ft
Link to fuse 5: 27 modules across x 3.29ft each + 3ft =91.83
Total wire needed for building C: 236.43ft x 2 = 472.86ft

Figure 44. Module Hook Up for Building E

Building E Combiner Hook Up:

82
Link to fuse 1: 3ft + 1ft = 4ft
Link to fuse 2: 6 modules across x 3.29ft each + 3ft = 22.74ft
Link to fuse 3: 14 modules across x 3.29ft each + 3ft = 49.06ft
Link to fuse 4: 20 modules across x 3.29ft each + 3ft = 68.8ft
Link to fuse 5: 27 modules across x 3.29ft each + 3ft =91.83ft
Total wire needed for building E: 236.43ft x 2 = 472.86ft

Figure 45. Module Hook Up for Building F

Building F Combiner Hook Up:
Link to fuse 1: 3ft + 1ft = 4ft
Link to fuse 2: 6 modules across x 3.29ft each + 3ft = 22.74ft
Link to fuse 3: 14 modules across x 3.29ft each + 3ft = 49.06ft
Link to fuse 4: 20 modules across x 3.29ft each + 3ft = 68.8ft
Link to fuse 5: 27 modules across x 3.29ft each + 3ft =91.83ft
Total wire needed for building F: 236.43ft x 2 = 472.86ft
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Figure 46. Module Hook Up for Building G

Building G Combiner Hook Up:
Link to fuse 1: 3ft + 1ft = 4ft
Link to fuse 2: 6 modules across x 3.29ft each + 3ft = 22.74ft
Link to fuse 3: 14 modules across x 3.29ft each + 3ft = 49.06ft
Total wire needed for building G: 75.80ft x 2 = 151.60ft

Figure 47. Module Hook Up for Building H
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Building H Hook Up:
Link to fuse 1: 3ft + 1ft = 4ft
Link to fuse 2: 4 modules across x 3.29ft each + 3ft = 16.16ft
Link to fuse 3: 8 modules across x 3.29ft each + 3ft = 29.32ft
Link to fuse 4: 14 modules across x 3.29ft each + 3ft = 49.06ft
Link to fuse 5: 18 modules across x 3.29ft each + 3ft = 62.22ft
Link to fuse 6: 22 modules across x 3.29ft each + 3ft = 75.38ft
Link to fuse 7: 26 modules across x 3.29ft each + 3ft = 88.54ft
Link to fuse 8: 30 modules across x 3.29ft each + 3ft = 101.70ft
Link to fuse 9: 34 modules across x 3.29ft each + 3ft = 114.86ft
Total wire needed for building H: 541.24ft x 2 = 1082.48ft

Total 8AWG conduit needed for all buildings: 151.60ft + 236.14ft + 472.86ft + 472.86ft +
472.86ft + 151.60ft + 1082.48ft = 3040.40ft.

